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fSrvwi^^ |br aiMim w!Ai« drug dl*ov*ry programs OfcrtdcaUcfe^ for the 

SSnl rf 'S T^rwSw T c^i pwdfci Mtititfy or ****** towards diuicauy used agento. Waco wc compared 

^^^^IT^^^TxZ^ teatcd ater wW pw In nude infce la tte TCA m and the* «spoi« 

^i«r found when LI* climca! response of tumours v«s coa>pawa to indr «pfe»to eswbllsbcd ;o tho nudo roouw and rn*ucd //i 
L^tt™^ a corroct pnW for tumour rcte la 97% and tor ^ tturtwy to 

£%U^^cHffi^ w» Import role Jn ™^ ( ?^ 

ate Wc mcrcto™ iadudca ihcTCA as Sttondary atay in our approach io aiaA*aa«r dc»B aTsaavtry and found ihut u auinbCT of 

Las pivvea predictive v«1*e in iue t^rwwrwUivity icstifl* ofnaiaf trd uad wpwiracnwt anticancer dm**. 
- £, 2004 Etoevicr Ltd, All rigM* rw«*ed. 
/fr/nvr*: Qona»*ite Ctaqnrtcnsfo vwy: Xenograft; Prufi diw»»w> 



1. Introduction 

Many normal ceils sbow tire phenomenon of adhcr^ 
encc. i.e. d#y grow and divide ouly if atlucned to a solid 
ineic support, as is provided for e*aaipla oy (be glass or 
pUwtic aurt'uees of txssue-cuUare disbca. Tbe clonpgeirlc 
ucstxy L* * classical way of evaluating colony foTwurtioji 
Of pluripOWOi cells orith tbe poteuiial for nuchoiagff- 
irtacpcaOcoc growfli ia scmisoUd wodla, e.g. uao&- 
fonnecJ cdlfi or hneauuopoitUe sicni «l|s ScroisoRd 
it^O^ reduce cell movemcitc find *llow individual cells 



to develop into clones Uw fti-'e jdentiiled a* ulngl* tjolo- 
nJ«s. The assay Is widespread in oiTcoJcqpctit feseai*ch 
where U i3 uaed co wst the pixaiTemtlvo oipucity of 
csmcer cells after mdiaiion and/or crciu«w»»t with 

j J. Ktswrcv* for li* cion^enk wwuy 

PademR' ruinom* can be studied directly in Cnc cio- 
nogeuie assay, or after betaH estaWisnea oi a pcrajanonc 
xenograft in serial passage* in and* mice. The xenograft 
aliould be caaracceiiscd for cneinosanalUvity und for 
molecular marKers jejovatu ro the pathogenesis of « 
tumour. aoaopBiiteity is a ballmarlc of tniaslbrmcd und 
malignant cdl types; diua, pemwncnt human lamour 
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cell Bnes can also ba used, but many of them havs 
changed during long-conn saria} passaging, with 
the selection of aubrfones In addition, marine 

tumours such as Che leu Wmiaa P388 and U 210 v cs well 
ds ilrc solid models Bl6. Lewis-Lung, Colon 36, Colon 
2S, and others, grow very well in Hit donngenic assay 

liaemaiopotttic stem, cells (the normal tissue being 
clinically doso limiting for about half of all compou«4s) 
ate obtained from bone marrow, peripheral blood or 
umbilical cord blood. The effect of novel compounds 
am ba celled sg&inst human tumours uo4 human h&e- 
muiopoietic stem oeUs, allowing evaluation, based on 
W<rP Btudlw only, of whether « new agent is tumour 
specific and wiu have: a therapeutic index. As a result, 
large upo. expensive up-$cAlJng of compound synthesis 
or rcfrrinent&Uon can ba avoided at on early stags. 

t .2. Chu ogtiAte assay formuix 

Most investigators use a rbreolayer lecrjaiquo with a 
ba*c layer consisting of 0.5-0,8% agar, * wcond layer 
containing cells with QA% agar and a third layer con- 
taining medium or teat drugs P AS]- Human haemato- 
poietic stem cells ova be g>own to form oolcuka in 
semisolid media after the addition of placenta- 
conditioned medium [7,9), or In methylcellulnse media 
supplemented with defined growth factors (e.g, Kf^"- 
locytcH»aci«phcig*<olony-»timMl*tin& factor, inter- 
Icuain 3, oiythropoiolm) [1<M2J. Up to 1990, most 
studies wwb done in Petri dishes of 35 mx dia- Since the 
1990s the use of 24-well ceU*cuhuic microplates of 16 
mm dia, ha* been made possible, allowing for inixua- 
tunuauon and easier hanobug [\% Another aspect of 
miniaturisation wns nocompMsned by using oapiltoTiDa of 
i-l Jl mm dla. into which agar containing stem cells was 
Introduced fl4 # X5]. The capillaries are U cm long and 
me number of oolooieB is usually email, ranging between 
3-lQ per capillary however with great variability. In our 
experience, the 24-wull micropiatc Is clearly the most 
reliable format 113]. 

i.i. AppiWctflvm of (ha vfonowtte amy 

I. hi. Semhivity iosrfng to patients 

To individualise chemotherapy regimens by pre- 
dialcaJJy assessing tha chcmosenslttvUy of tumours lo 
registered anticancer agents (n vitro ba» been a goal of 
oncological research for many years. The tumour clo- 
nogeoic assay CTCA), a* described by Hamburger and 
Salmon [1,16]. Is one of the most intensively studied M 
¥Uro metliods for criamoEeusltlvity testing, its role in 
patient sensitivity tearing In addldon » In vtw methods 
such as the 3HO^lm^yl-^thtazolyl^2,5-dtphenyl" 
2H-wtrozolium bromide (MTT) assay ti7.iaj r the histo- 
culture drug-rasponae assay [19-21], the collagen gal 



dropleranbedded cultuie drvg-sensinvity test £22,23), 
or the ATP-based tumour obrmosfiuslrivlty assay 
25} is weU documented However, there are no 

phase Ui studies demonstrating a significant increase in 
survival compared to empirically determined standard 
chemotherapy. Therefore, the TCA has not found a 
practical established role In the indtviduaJisatioa of 
patient therapy. 

N*\v drug discovery the ttewlopmtttu pf 
cxperimtniot Gg&its 

In acotlier major appljcaiio^ ctonogeaic assays have 
bean widely used for aBseadreg the efficacy of novel 
compounds in anticancer drug discovery programmes, 
such as that of the Institute for Experimental Oncology 
In Freiburg f7]. Since the assay is labour intensive and 
automation not as easy to achieve as in fwperimcnlal 
setups using adherent or suspended cehs, the TCA is 
nor useful as a primary screening method but has its 
credentials as a secondary sctaen, for prioritised 
compounds aftorocU-rmsed assays wiui tumour cell lutes 
[31-341, We test novel lead compounds from primary 
screenings hi me TCA la 24 models. The 1C» «nd lC a 
in such a tumour panel are then compared wlth^ the 
swwitiviry of human haematopoietic Stem c*4h obtained 
from cord blood or peripheral Wood to define a 'ther- 
apeutic window*. In addition, the in vtw profile is 
compared Co the fingerprint of standard agents in these 
tumour models and to 35 known, validated molecular 
targcis in our database. The latter comparison will hcjp 
to define novelty or similarity to known drugs. Once tn 
vivo activity is observed, TCA t*ttin& is extended to 4$ 
tumours and the resetting in vitro IC 70 profile can bo 
correlated with our cPHA-expresaon database (based 
on the AJfymcuh HU133A gene chip; 22000 genes/ 
tumour) In order to identify gono clusters that might be 
cssamuil for drag acUvtry\ With this approach, genes 
Important for the activity of novel compounds with 
novel mechanisms might be discovered. Large stndie* 
demonstrating high correladons butween the results of 
ibe in yttro TCA and the padenfs response or resistance 
to established aeanta have been published [MS-38]. 
Secondary screening of expexlmeatal ugeats for auii- 
cancer efficacy has also been described as feasible {7,39]. 

Established tumour xenografts provide a rich source 
of regrowabla human wmour dtStfe, which can be 
broadly characterised, in targcp.dlrecttd drug develop- 
ment, wo first determine the expres&ion of a target at the 
RNA and protein level by using our cDNA gene- 
expression database mtd tissue mlcroarraya. Between 
12 and 24 tumour models that over-^xpres? or ate defi- 
cient for a particular target are then selected, ano 
potential mhitatora tested in the TC/V. This proceed 
allows us to detstmlnc rauooaUy the most sensidve 
tumours, which can subsequently be evaluated for f» 
vivo activity. 
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j . 4 Limitations of (He ctonogtmlc assay n-Uh pmim*' 
tumours or cell lines 

The application of the TCA m large-scale amlcaucar 
drug development has been hampered by the rdlwmg 

factors: 

j Tumours icsocced for diagnostic or therapeutic 
purposes provide highly rdevanc material, but 
tumour specimens originating from padenu have 
gi-owth rates that range between 40-60% only. 
Tests are not reproducible and further char- 
itccerlsRUon of ibe tumours Is mostly impossible 
[40-42)- 

2, Cell lines are frequently used as a tumour souse* 
Tor drup sooenwg. but such liiwsa Show con- 
siderable alterations in biological properties and 
cnemosensidvhy pattern as compared W the 
original tumours 14-0]. 
3 InterpretMioii or darn * sometimes o»mcult 
because of a lacfc oF siandrtCdlsation of experi- 
ment ana inadequate qimUty-control measure 
[41-44]. 

By introducing quality-control criteria tor the mini- 
mum colony number per well, positive controls, back 
ground control plates and a a*ffici«m of variedon in 
the control groups of 00%, a suo^ntW jwrease 
m *ssay reliability with a very good ceprodwiDuity ha* 
bcert achieved [42]. 

J, 5. Szudy Objective* 

In ibis paper, we report our experience with the 
growth and prcdicUviry or the TCA. by perfc*nu»g 
ihe following fn vttrofta ywQ correlation* comparing the 
rtsponso to standard agents jo the eunw wmour, iela> 
ing these findings to our earlier wort and to published 
material: 

1. Patients' tumours established subciUawously in 
audi: mice studied in tha TCA, m vitro compared 
mm the a*me tumour created In the patient 

2. Patients' rumours grown la nude mk* studied m 
the TCA compared with those treated in v?yo 
in tne nude moose. m 

3. A svmunwy of our earlier experiences in 
comparing tbe drug response of a tumour 
w*ated in yIyo in cae nude mouse with that la tbe 
patient* 

4. A literature survey of work hi which patients' 
tumours were studied ojroctfy in the TCA oivd 

; compared with the putienls , response?, 

I We also describe bore our concept of mtegmftog the 

i TCA into u combined * vtirojto vivo dmg discovery 



programme and the advance** preclinical development 
of experimental anticancer drugs. 



2, Materials sad methods 

2J. Tumour* 

for dir&ot testing on patients, Irving tomoiix tissue 
from primary tumours or metastatic lesions, resected for 
diagnostic or therapeutic purposes, was placed iu a 
Sterile tube with RPM1 1640 medium supplemented 
with 20% fetal bovine samm and 0.05% gentairoctn. 
The tissue was processed within 0.5-2 h or resection. 
For xenograft tesdng, fresh human tumour specimens 
were first cut into siloes (5x5x0.5-1 mm dia.) and 
Implanted subcutaaeousiy Into uutic mice of Nad&l 
geneuc background. The animate were m»m»ined 
under conditions described previously i*S»46}. Tumours 
were cither processed after the first passage 16-1 6 weeks) 
or after subsequent passage*, at which time ihey were 

removed under sterile condl^ons/laminar flow. 

2.2. Preparation tfs&&ttdisu*pwtons for doaogtnw 

Xenograft*^ tumours or freshhunjan tumour specimens 
were mechanically minced with sciaaors and scalpels and 
subsequently incubated with m enzyme cocktail con- 
sistms of 41 U/ml coHagenase, 12S TJ/mJ DNasc, and 
100 U/ml bynmxonidase at 37 °C far approMimuely 45 
lain. The cells were passed though staiulass-stttl «ev« 
of 200 urn and 50 urn die. mesh sfee and then cashed. 
The percentage of viable cells was determined by trypan 
blue esclusum using a haemocynometer. 

2.3. Culture method for 24-\veli mtcropUites 

A modification of me clonogenic assay *s described 
oy HamburgeT and Sataon was used [l]. The bottom 
lsyer consisted of 0.2 rnVwelU lscove's modified Dol- 
becco medliwi sapplemenied with L-glalamiue (life 
TechnologiBs), 20% fetal calf serum ft*d 0,75% agar, 
1 5- lO*-5-)D* cells waro added to 0.2 ml of the same 
cuJtwe medium concairang 0,4% Cw7v) u^ar a*^d plated 
>u «*mn Wwell dishes on top of the bottom layer. Test 
substances were added (drug overlay) in 0.2 ml culture 
medium under continuous exposure. Every dish inclu^ 
oed eU untreated conuot wells and drug-treated groups 
la triplicates Cultures were tecubated at 37 »C : under 
7 5% COa la a aumldlfled atmosphow* for up to 25 days 
and monitored closely for colony growth using an 
Averted mlorosoope. Within this period, Ui vUro tumour 
arowth led to the formation of colows of > 50 urn dia 
Th» culture method for expe^mems m 35 mm Petri 
dishes has been reported elsewhere pi- 
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2.4. ASxqy qucmiificatton 

At the wne of maximum colony formation. Vital 
colonies wcrtj seamed With a Sterile Q^ucOuS solution of 

chloride i\ me/ml, 100 jaI/woU) for 24 h [47]. Colony 
co\uus were then doae with on automatic ixongc-aaajy- 
system (OMNICON 3GQ0; BiosyS OmbH). 
Tae following quality-control measures were Imple- 
mented: 

!. For 35 nun Petri dishes the mean Dumber of 
colonies in the control group >100 with a 
minimum 60 urn dia.; for microplates the 

mean number or colonies in the control group 
>2Q with « minimum SQ pm d|n p.7]. 

2. Initial counts on duy t <30% of the fowl colony 
ooum (to exclude initial aggregates as false- 
positive colony signals JYorn evaluation). 

X CoclfiriciU ofvar»uoain Uie control gtoup < 50%. 

4. Activity of a reference compound (5-fluoruradi) 
ai the tojdc tfose of 1000 pfi/ml most effect a 
colony Survival of <:30% of too controls (posi- 
tive control), 

5. The dose-response effect* of the tested drugs 
mu«t be observed {except complete resistance). 



2 .5. Hitman haetmippokaiv mm celto 

Bone-mwtfow cells were aspired from the iltue orW 
Of cousenliug bculthy volunteers into preservative-free 
hoparlnteed syringes, Alwrnuuveiy, samples of human 
mnbiKeal cord Wood were diluted 2- to 3-fold with 
phosphate-buffeted saline (PBS) conwlning 0.1% 
bovine serum albumin (BSA), PeriphersJ blood niono- 
uuchrur celh were enriched from the respective samples 
lay FieoU Pauue'* (Amorflham Bioscience*) densiry-jptt- 
Uienv centrifugsdon and washed twlc© with PBS cou- 
luluing 0.1% BSA. T»e resulting ccU suspetiaion wa* 
*io*ed In sllquou in freezing medium (90% feutf bovine 
scrum, 10% dimethyl sulphoxide) In liquid nitrogen and 
aliquot* were thawed and used for testing. Tire colony* 
forming test was performed utriug 24^11 ecii-culture 
nVturuplaVM and MeUioCult GF (Stem Cell Technolo- 
gies) m> cuJtMfc medium; 42,000 oeils/ml of the above- 
nwuuoaod pioparatlon were «eecfcd In a 8md volume of 
300 ul per w«H. Soludons of the test substances were 
added directly to the medium. Every dish included six 
untreutcd control wells and drug-treated groups in tri- 
plicuic. Three wells of the test plate were filled with I ml 
of sterile water w ensuce that maximum humidity was 
nitaJned during the subsequent lacubution period- Coi- 
tus war* Incubated ec 37 e C Had**: 7.5% CO* m a 
humldiijed atmosphere for 1 1 day* Colony growth was 
evaluated by eye usms an Inverxed rtucroscope. 



80* 

26* Anticancer ugetvs 

Drugs for cbemosensJtJvtry tesdag were obtained 
either aa a ollnkal foTOuladon from the pharmacy, or as 
pure compounds from Sigma. PKItdfi *as obtained 
from NovartiB CBaflef), an aqueous mistletoe extract 
(AMB) ^as obtained from Maoaus AG, Cologne. Clie- 
moseinHdvity testing was perfbrmed against 12 cytotoxic 
drugs eaoh In two to three ooncearranotJS In uiptaiEe. 
The relevant dose was determined by comparing the 
sensidvUy of drugs in vho (both in nude mice and m 
pntieata) and in ttiro in sensitive tumour types, la addi- 
tion, approximately three times ulgher drug concentra- 
tions were tested to ascertain tbe behaviour of the 
tumour cells at a noa-physiologica] high dose mimick- 
ing the nlgh-dosa chemotherapy to the clinic For drugs 
with steep dose-effect response curves mc relevant 
dosage and usually twice this dose were tested, Dmgs 
and regimens usnd aw shown for an exemplary patient 
in Table $(a), wUich lists tha 12 cytotoxic drugs and 
their relevant doses employed for chemoscusiUvicy test- 
When ample rumour material was available, the 
tumour ceils were also examined for mdiosensirtvliy by 
exposure at between US Qy and IQ Gy. A drug was 
considered effective when colony formation in the 
thempy plates was less than 30% of the control plates 
(T/C <30Vb). 

patients' responses 

A tumour was defined as sensidve hi vitro to a cyto- 
toxic ugent if colony formation was reduced to less than 
30% of the control value. The (n rivo reaction oF a 
padant 1 * rumour to chemotherapy wse evaluated by die 
unending oncologist without fcnowledflP of the m Ytao 
testing. A complele response was deflned as the dis- 
appearance of an tumour mamftstanons tor at least one 
month. A pm-dai response required at least a 50% 
decrease in measurable tumour area (oxo), and no 
emmge. a less than 50% deorew>e or suibinsetion under 
therapy. Progcossion was defined as a more than 25% 
increase in measurable tumour area. 

For Uio correlation of to vtvajtn vivo results, the in 
vivo response in the nude mouse or in the patient was 
reduced to dichotomy. Only complete and partial 
remissions were sooted as in vf*> sensitivity. Mo change 
and progression were considered to be to vivo resistance. 

CCnlcttt correlations wen> possible if d\e paUeot 
receivtd otorotrierapeunn a^enrj that were nteo rested 
in fUro. Since most patients i-eceived combUuvtion che- 
motoeiaptes for the treatment of their solid tumours, 
further cluxlficadon is required to explaia how In v/w/0i 
vlitv correlaxions were deduced. Patients achieving clin- 
ical responses when weatqd with two or more drugs thai 
were active Ui rUro were considered to have responded 
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only to the most active in the exogenic essay. 
Thus, only one D^-pos3tive corrclnrioa was ftcofdw to 
««ch i«siai*ccs- Con vcrsely, for patients showing ^Ocnl 
rumour rctrisnmce while uentcd with rtjcldpte egears, 
true-negative correlations wore established Tor e« 
correspottdrng drugs thai were Inactive to Wjro. Patients 
whose tumour* progressed dinicuily while receiving 
combination cbanoiherapy, but la whom one or wore 
Umgs were active In W/re>, were considered to have true- 
negative cow elutions with in* inactive dru^ but a faiee- 
positive corrtamon with the drugs thai had * dire activ- 
ity This merhod comphw with lhai used by Benciseu 
116J for the analysis of 2Sa n/m/to Wi» cmelauoas. 

For comparison. The results were analysed wits only 
cot correlation for clinically vestetunt tumours. Io *w 
case, onjy cue results fop in* least active caBipound **ro 
eoasicfcrtd; further compounds tested showing lower 
T/C values were not evaluated. 

2,5, Cvrwtottmi offwr.oitr rvspwisv tn ttof muU mouse 
trnd mo putteni 

Tumour slices averaging 5x5x0.5-1 mm dm from 
the pachas, or 3x3*0.5-1 wru dia to serial passage 
were implanted subcuianeously law both «ao*s of *e 
nnirinls. Testing done in serial passages when 
tumour growth became regular. For «miparrng the 
chug response in the irude mouse and In the patient, 
testing was done between passages 2 cud JO. Trcufaacca 
was started alter >-6 weeks when mo mean tumour 
OiBToeters were aboui 5-6 mm, equal to 100 mm> or 100 
mg. Before che start of ttwUmeai, turroiir-beari^ ani- 
mals were stratified into treatment und vehicie-coatrol 
groups according to tumour volume. Baob group eon- 
listed of 5-6 mice bearing 6-10 eveluohie urmours. 
Drug* to be tesud were ^mistered Irrtrapertonealty 
or intravenously at the maximum tolerated dose as 
defined by the LD xf > U4 days after start of ueauncnt 
with one cyc|e>or LD» (2g days after Start of ueaimcnt 
with two cycles). The treatment regiraon oorrespoaQ*ed 
io ciinicul schedule* for single-agent or oowbiuwloo 
therapy, with lbs exception that therapy ia rate* was 
usuaU> repeated after 2 weelc* and cwo cyoJea wete given 
(e.g. dsplatin, cyciopbosphamWa, dacabaaae, doso- 
rub>cln, etopos^ie, Iforfarruda, mitomycin C), and cow- 
pounds such as vincristine, v'mdasiae «ud 5-ftuorouracU 
worts admiubtercd woclcly for 3 weelcs [IMWlJ. 
Remisiioiis weie observed In the nuda xnoues only WHU 
two ihwapy cycley or weekly tbeiupy Tor 3 weeks. Tae 
inedrtn rclnrive tumour volume itumoui voluma oa4ay 
X divided by the tuiuour volume on day 0 t?Q 
multiplied by i00%>of Uicrespacxivc^roapwusasedfor 
dm wirrg growtu curves and for tre*taneat cvaJuarioa [All 
la combinaiSon chemotberupy, drug? Were adminis- 
tered ut 15-nxiu iniervals by dtrTeicui routes to avoid 
interactions. In two-drug combuaution* only 70-60% of 



me dose of tao dag)e-a&efli therapy was given aod 
sccormu^y only 50-60% in iarcc>dnigcQmbinatlona 

For comparing tumour response- to aude mice and m 
the padspt the product of the two diameters was mkeu 
us a measure of tumour si*. Tumors in nude niJoe were 
evaluated after maximum tumour regression or after 
>-4 week* la non-regressing tumours. Tho effect nf 
ircaiment wus classified to the xenograft system and m 
patient as remission (the product of two diameters; 
<50% of initial value), miolmal regression (51-75%), 
no cfaaag* {7W24%), sad progvessiou (.> 125%) of 
iiuuai value. A3! patierrts had measurable lesions; eval- 
uation was usually performed after two ueatmejit cycles 
or alter maximal tumour regression. Different physi- 
ciww made the evaluation of tumour response in nude 
mice cdU in patterns. 



i.i. Biological properties qffttfrfan tumours grown to 
the TCA 

The properues of both rsormel riaomatopoiexic and 
neoplastic cell population* are conteutnt with a model 
in wbicacehs with pffollfbratlva potential can curry oat « 
Umiied numoei' of poteatUil divisions or have the capa- 
city to renew the enure ©ell population including them- 
selves. These self-renewing and popu^tion-«ncwia& 
ceils, which may constitute only a small proportion of 
the toxal population, uto known as stem colls. Tumour 
stem ccDs arc the relevant call population responsible 
for the developmem of raeiasmses and late recurrences, 
sod are therefore the primary tursjst for any cyioto^o 
cancer lacrapy. The vaBdity of the stam-ceU model for 
human cancer was repeated about 20 years ofiP 152]. 
Tumours generally used In the TCA are grown as a 
solid, established tumour xenograft model in vmmane- 
defldeat mice or are derived directly from patients' 
cancers. The heeeroganaity of solid donor rumours 
growiag suoou^neouaiy in nude mice is very well 
muiatalned {Si]. Ooly tumour stem cells, which ensure 
me sdf-renewai of normal and mallpiant tissues, can 
divide m the agar matrix aud form colonies (Table I). 
Siromal cells, lymphocytes and duTeraartaied rumour 
ceRs are not able to grow. Tn* rbrmacion of colonies/ 
spheroids occurs in several layers, and therefore dru^ 
must be able to penetrate over a distance to reach toe 
partly hypoxic centre and brieve corapfcte cessaiioa of 
growth p r 53>fl. 

The coll growth occurs hi a iogarltnrnio maauer 
Crable 2). Oue stem cell drvicuw and forms colooic* 
normally conmlniag berweeu 64 and 256 Cells as a 
results of six to eight population doubliugs. For e pre- 
sumed doubling time of 24 a. six dopublimja are reached 
after 6 days and eiahi doublings after 8 days. For a 
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presumed doubling time of 48 h, ax population dou- 
blings of u colony arc reached after 12 days aud eight 
after 16 days. The latter iepre&e»to the average nmc spaa 
ui which we evaluata and oount experiments. Colonics 
of fnsl-giowlos tumours nre normally counted ate 6-8 
toys and from elowjy groww& wiuoura utter 14 up » 21 
duvs. The median trteubudon Urns in cur bawls is tfdays. 

J J. Qromhanctptotto:KlfivtoU:y 

The juowth olf huiQtai tumours in the TCA, originat- 
ing directly from patient* or from serial passage hi nude 
mice Is different CTuble 3). The gsowib ™ te of F 1 *™? 
Uiiuour specimen* from die patient was 40% (14 of 35) 
in our aerte* conducted from 1988 to 1980 and increased 
to 79% duiitis ib* yen* 21)01^2003. With today's 
growth rates of puUmttV tumnura of 70-80% (Trite 3). 
standard ntfmtt c*o be evaluated with rcfcability wd in 



a period of dm* Om allows me patient to be Treated 
with the most active single agent or combination, nor- 
mally m sacoaoV or third-line therapy. 

Tumour specimen* can be established as xenografts » 
bnmone^eoclcnc mice in serial passage to approxi- 
mately 25-65% of all cow and for most tumour types 
except prosiaxe and mawniuy caocers [13,50^1]. Tl»e 
growth mat of htwuai> tumour xenografts in the TCA 
waft 86% £11/251) between 1988 and 1989 in our facil- 
ity, and waa in the same nmga ut the period from 1996 
to 20O3 (87%) (TeWe 3). The growth rates of diflfer«H 
lumow typct ia the TCA, together with Che median 
platiag efficiency tnwnber ofuojonlw coaared related to 
the aamher of vital celfc plated day 0), m shown In 
Tables 4 and 3a, 

The median plarias efficiency for testing differcrti 
xenograMarivad cwaouw was 0,37% for the serua 
carried out from 1996 to 2003, and 0.07% la the period 
from 1988 to 1989, also reflecting the progress in tlasue 
handling and culture conditions CTabtes 4. 5a), These 
data will show 3uu the stem-cell fraction is very small 
but thi* is the relevant cell population tor recurrences 
and metastases. Eradicating the tumour stem cells will 
have the higheat positive Impact on progncV*. The 
ptatiag efficiency In human tumour models wa* similar 
to that of liaemaiopoeitfc stem colls (0.07% versus 
0,08% la 1988-1990; 0.37 versus 0,6 in 2002-2003), In 
contrast Use plating efficiency of the transplantable 
dujclne leukaemias L1210 and P38B was markedly 
higher {32% and 12%). and also the solid murine 
models B16 and Colon 38 showed a more than lO-fold 
higher plating emciency than btaiwa tumours and human 
bone marrow in the dhect comparison carried out 
between 1988 and 1990 (Table 4). These difference* m 
plating ernciency dearly demonstrate tmU- the murine 
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soW tumours and leukaemias hn« much higher gtowtb 
kincLica than ilie humuo solid tumour* or hacumro- 
poUrtic stem oeiU. Orowth rates of between 78% end 
100% vcic observed Ln cha pertoO from 1988 to 1989 for 
all solid tumours c*cepl sarcomas (56%), which In 
many cases are wy diflteuU vo dbaoctuta In order to 
obtain adequate s»nglc*eclf suspcrwtoas (Table 5a). For 
lUe series <Jonc belwcen 1906 cujd* 2003, ihogroviih joto 
rwjiged. piuinly between 7lVa hna 100%, wviifc tU» 
c^ccpuon of tumour models of testis, whw only fom 
^iflcrcnt models were available for testing aud two 
could be ttuccessfUlly tested (Table 5ft3- Between MOT 
*tm3 2003, 37 samples of tumour ussuq *icrtly derived 
ftom the pfltteot. representing nine decern wwour 
Types, were processed for tesrfofl in the TCA, uod *m 27 
expedients growth occurred enable SO), Tbps teatiog 
could be succ«$fUH> c»irried out in 73% of th* cases 
(Tttblc Sb). 
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TWt development of colonics from n angla-cdl *us- 
pension is inown in I. The melanoma M8XF 384 
w*s *ccded us u homo^sneous w»8lc-ceU swpeosfcrn on 
4ay O. Aft*f 10 days, culony fitowtti wae observed wwl 
this Increased antil day 15, reciting Iftio round colonies 
(FI&. led). Th* liaio couwo of colony fomiattoa wa* 
measure* for reprcaenwiive wmowr models. n& 2 
Bhows as mi example ito meumonw NJEXF 276, Colony 




10 



Pi* 2. Tmwc www afcokmy AiMMlon in ntetei»anw MB*** 27*. 



growth begun after 5 days, and mcreu*ed logarith- 
mically uaeB day 14; after day 19 no farther colony 
formation was observed. The optimal time to evaluate 
drug «Recte m this °a» was between days 12 and 14. 
After day 20 Uw growib aaediuni wu* o*bau5iod f ifco 
colonies became anoptOBc* and vital colonies therefore 
decreased in number. 

JU. Drug Wing 

We have established a standard ** or 12 drup, which 
ace studied «i two to ihie© dose lavcto in °*der to iden- 
tify compounds thai am bt jccoroaiended for second- 
er third-Una tnerapy in th« clinic. The standard Bgena 
w«* feifeUy studied ia the TCA » **»J3£ 
doao level ooffB«ponded to an activity or 
liable* 6, 7). For Adtlamycin aad fiemoUnMne ifce 
concentration afQM j4g/rol was active in 15*5* and 23% 
or flic tumours, for dspintin and cioposidc Q.i uaM 
yielded an activity in 16% and 17%, respectively, w 
Table 7 the activity la dtvldcd Into tumour iyp« 
responsive in the clinic oA d tumour types rcwsujni 

against the jadMduol aewt. Ov«uU, clinically rospomlve 
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mrooura wre setisiuve in. fce TCA in 41% (?9 out of 
240 difeient testings). In contrast, cUnicaUy resistant 
turaou? type* were wjwuve only in 1 i% 0° * 76 ^ 
Tbfc ctearty demoastvaue «** tn» TCA ia able to alflfcr- 
entoe between scnsiliv* and retaseanttwnouj types. The 
dose levels we* selected hi orcJer to not to miss an active* 
compound at tne expense of having wore fafcei*winves. 

Representative samples of cheito- And radioseusltlvUy 
testing aieshown in Tables 8 (a,b).The coloa cancer CXF 
886 was Investigated as a xenograft ftota the ficst nude 
mow paaaa^ Twelve compovtutev*re Investigated io die 
standard dose and ti 3-fold increment, together with 
tadlotaerapy ran$iog from 1.5 to 10 Gy. TMs colon cancer 
lespondedm a typical way in die sense that alt 12 com- 
pounds wei* completely Inactive at the- standaid dose and 
cvt* at the Wold hifikef dose. In addition, tne cancer was 
it&taal to mdioUwra^y (Jabfe * Q >- s *°k * T**»t»nce 
pattern was observed in 12 or IS colorectal cancers stud- 
led, reReeans wefl the clinical situation (data not ebovm). 
Howaver, the newer compounds such as iriaotecan aod 
oxaRpIafm w»e not included la die present series, 
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On tilt other hand, the epidermoid lung cancer LXFE 
KS3 studied us a xenograft derived from the second node 
mouse p*wmgo responded very well to si* out of 12 
standard agents at U*e standard doac, and CQ 10 out of 
J2 compounds at 3x aumdard dose. Moreover, radio- 
therapy ww active nt 2 Gy and very active at 5 Qy 
(Table 8b). Among 22 aon-woftli ccii lung cancers 
(KSCIC) investigated, 10 icspormcd to four to |0 
standard drugs studied, six \w« completely resistant to 
nil agent* e*ammed, wham8 six were awutivo to on* 
co three agents Qdaia not shown). Thw d«aDn&t*ates 
that NSCLC are move sensitive than tor example colon 
o; Xidaey ciwioew or mclmiomus. 

ClaiwgmHr usxay using tiunutn huctnaiopotciic ston 

Comparisons of the In rtuo activity of compounds 
ag»hisi human tumour new cells with that a$uust 
human haeiflnxopolftcio stem celts Is very hftlpftrt in 



deterrommg uunour-fiefceuve activity. We h»vc already 
reported our first expwiw«* PI As *o example, the 
effect of Adriamycin oa diBtam amours and baema* 
topo fe tic stem cells from Ave donors as determined in 
Uic doaogoiw: assay is shown in Table 9. At 0,0] wj/ml. 
Adrlttmycin was active (T/C<3Q%) In 40/261 [15%) 
tumour preparadona tested. At ibe same concentration,, 
no cflfcet ma observed a^ajiist the batmatopoictlc stem 
coils. At 0.1 jvg/ial, labiWtm of colony formaubn was 
observed in prepamtloas of both haomatopoieUc stem 
cells and tumour cells In 60% and 55% of cbo eases, 
respectively [Tabic 9). The mean IC70 f°* a*l tumour* 
was about 0.03 ng/rnl. mean IC70 for bone marrow 
was 02 ufi/aW vhei-eas 20% of the very sensitive 
cummioi had mean IC TO smallef than 0.02 f*€/mJ ; lite 
xxrtults confirmed the knowo eUect of Adnaorycm oa 
haematopolesis. 

Anothsr o*a«ple is dtclcabwe, which today Is regis- 
tered tor the treatment of mysiodysplasw eyadrome 
(MI>S). This compound showed selective acdvny 
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again* bocmtttopoitttic swn cells derived from bow 
marrow of Uute healthy donors. The nicua IC* or 
bone marrow was 10-fold tower than tot tumours tested 
in tite cjonogenfc assay; thus human bone marrow was 
lU times more sensitive man the most sensitive tumours, 
suggesting l^t Htulcaemuis also would be sensitive, Tliis 
(meting was later conftrmed in clinical uudies. The 
compound wus inactive in eight solid luroouri, bui 
activity ww seen in acute myelocyte leukaemia unci 
muiiUy in MDS. Tncrdb>c> lb* sc*m-e*n toxicity 
approach is very useful in depleting a uunoiu^ecific 
effect in in wo studio* at least for compounds for 
whkn hacinutotoxiaiy is the dose limiting side-effect. 

3.S. Corrvlutiufi of m vitro drug response? in ih* 
ctOintgC/zte t***uy rfti* vivo behaviour in itwpuilcn! 
true/? mtiimtr 

Each ussny system requires validation for drug test- 
ing. The comy*msou of drug response in tli« respective 
test system with the respouae of the same tumour m 
patiaui is csscfld»l. One of tha mosc relevant TCA vs. 
patient compumoos in tha literature compiles data from 
sm series in a total of 2300 eases [26,551. ft reports that 
of 738 tumours that were sensitive in the donogenlC 
assay, 512 showefl clinical remission with tho same 
treatment. Therefor* cijc positive predicted value was 
60%. In conuasi. of 1562 uonouis predicted as tcstetant 
in the croaogenk assay, 1427 weve found to bo tesistant 
in mo clinic. TUe posiiive prcdtccrvB yu\v» for uiroour 
^Ismnce In Ons study was therefor S>i% <T»hle 10> 
Poses wc:< selected to accept falso-posiiivs *«ifce-r than 
fobe-ueg*wvc results. 

Ov«f tfir past two decaocs we nave also carried oat 
comparisons of drug i espouses in a syaxemalic way and 
from seveful different perspscdvea in our laboratory. A 
oompwUon of response in the TCA from tumours 
astablishod In nude mica with the patients* responses in 

Samueiiy pT tor»«I»Uoo c*la Wa» it* awuwm Ctew 



tnc clinic was made In 66 cases. The TCA predicted 
stnsjxlvity In 29 cases, and the same tumours responded 
to the same treatment in tot patient to 18 cases. There- 
(bra, tbe correct prediction for tumour sensitivity was 
62?b. Resistance was observed In the clouo^cwc assay 
in 37 cases. The respective finding was obtained in ihe 
patient In 34 cases. The correct prediction fov tumour 
resistance was 92% (Table- 1 i). U appears that Use initial 
cstabllsnment of the pat*eni tumour as a wmograft in 
ihe nude niouse Old not influence drug sansitivity when 
conrparcd wltn direct testing of tl* poUanVs tbsue* A 
relation between the percentage decrease in colony 
number and the degree of t>* vivo response could be 
deinoustoited (Table 12). Patuanis who went law com- 
plcta remission showed lie nighest aver^ inhibition of 
oolooy far«adon in die clonoa»aio aswy (T/C 1U%). 
The depse of inmbition of colony formation paraBefed 
tue> cUaical behaviour of xhe turnouts in Wfo, Tumours 
of patients showing progressive dlseasa gave tha towesr 
BvemEl* T/C (J** 0 *)- Details of this study nave been 
published elsewhere [3> 

Aa evaluation of tumour response in it» TCA W *Uro 
versus response hi vivo in the midc mouse jieno^-uTt was 
earned oat for a total Of 108 comparisons. Sensitivity 
was seen hi tho donogenlc assay In 40 cases, whilst tho 
sama issult was observed in the correspond]^ nude 
mouse xcnogfufl hi 24 W«, equalling a correct po«- 
Uve-pwdicuve valuo of 60%. Resistance* wus found in 
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chc TCA iu 68 cases, and Identical result* were seen to 
Who ro the SAsie tumour in 61 cases. Hence, tho correct 
prediction for uiajour resistance was 90% (T«bk 13), 
Details or this study nave been published earlier &2], 

FlotUly, the comparison of the tumour response found 
m vivo in nude mouse *enQgrar\s wim the patient's 
.response in the ciinic wsw most refavum. We performed 
80 comparisons iu 55 different turaouw, latter manner 
indicates mat oue-cukd of toe mmours were evaluated 
for first- us well as sccondMi iiie therapy, mainly iu breast 
ana 50U\U-ccU Jung cancer. 45 of the comparison* *w 
done with combination chemotherapy, mamJy in breast, 
lung, ovarian, and teaticalav cancer, as compared to 
suigie-ftgoai therapy in 35 coses, mainly in colorectal 
cancer*. A remission was obtained in 23 cases In the 
patient, wntaea* the some result waa observed » ihe 
mule mouse system in 19 ctsca. Therefore, the current 
predict! vlcy of the test sysiejn for tumour sensitivity was 
90%. In contiu&l, a progression or initial »o change was 
found in 59 patients and ma same result In the nude 
moose occurred in 57 cases. Here, correct prediction 
for turnout Stance was 97% flfcbte 14). In parti- 
culux cue nigh correct predlcttvicy for tumour sensHWitv 
In Uiis study is noteworthy »ad validate* m rfw tasting 



as the most rehablo and predictive model of respond to 
conventional siandard ajprua. Details of the study ba« 
been repprtad ttfeewtee t J 3, 48^ I}, Additional expert- 
eacefl iu other iaboratOBCi gave a snniiar correct pre- 
diction. Pata are summarised In [56J. 

A siimmacy of the anove-desprltad eompartems is 
shown in Fife. 3. Qtar^y, cbe be$t coaect piedtcKvity 
vras soea when ito 6 tune tumour was treated m Wto 
grown as a node mouse unogruft and compared to tlu 
pariani response. Data from tfce Utcmiure as well as our 
own in vUrtfin Wvo comparisons show a correct positive 
predictive value for resistance of between 90 and 92%, 
whilst that for mmour sandrivlry ranged from 6Q to 
69% (Fig. 3). A caveat must be added here* as the ana- 
lysed comparbons rcty on the use of standard acti- 
ennoor dte^pies mat ©irftar Kn&ct DMA an4 mbuUn 
directly or ant as mhiblttirt of topoisomerase 1 and U, or 
a? antimcMtbolitas, Whether the same polds u ue for the 
new Baneration of mofceuiarty targeted mcrapies 
remams to bssesn. 

3,6, The clMOgtffUc essay for muhctJur tafgci-arltated 
drug discovery 

In our groups toe major application of the cioon genie 
assay is in tha contemporary anticancer drug discovery 
programme. Whan we compared cheroc*snsiuvfty test 
icsults for primmy tissue m the TCA derived direct^ 
from the pattens with those for the corresponding 
tumour *enogr*ft after up 10 four in vivo passages on 
nude mica, 22 of 25 comparison* resulted- in an identical 
outcome Cf&bk IS). This Rnding ahotvs that Oit 
ctiemosan^Uvity chai-accenstica of tumour xenografts 
adaqu»t9ly rcsembb those of the original tumour in 
the patient, which aUo holds true for tha histological 
appearance of ma xenografts. Although stromal 
el&menta and the Wood supply are delivered from the 
murine hoat> the utchltecture and morphology of 
the xenografts closely' resemble thosa of the ori&irwl 
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spvcimeu [Si J. The possibility of conserving vital 
tumour tissue, and of ua«s timt tissue as a renewable 
*nd inexhaustible souccc for aatitunioar teuton in rtrro 
iu the 'fCA of to f/vfl as a nude mouse xenograft, pro- 
vices a valuable tool within anticancer ems discovery, 

Wc foUov* u duai-reattns strategy hi ord«* to ideality 
nova) anticancer agco» (Fig. 4). the one band, 
compound development is target driven in die sense that 
a mrffic of Interest is defined in the tumour motes, ant? 
tumours showing ©Uper up- or dowttrcgutetion of a 
<peciflc molecular target are selected for testing [57-59], 
Oa the other band, ft tuoje empirical approach being 
exploited. In the rational, fcu^t-oricritatca approach, 
cue selection of trie uppropuaie models is based en 
RNA and protein, flic tatter determined by Wesiern 
btou> or inuzvuiioUiatochcnsistiy of arrayed xeoogfuft 
tissues [60-62]. Oa average, such a xenograft tumour 
♦nieroaimy comprises duplicates of more than 150 dif- 
ferent tumours and tive normal tissues that can be ana- 



lysed filrpulotneottsly with specific anrtboalaj [S9,63], in 
another approach, target selection is made possible by 
usjft& our xenograft Beruvexpresslou prattle database. 
The dtttubase was generated by detwnuniag the tran- 
scriptome of 60 scuografts at vwiona passages with the 
HU I33A-Ch]p from Afryroctrix, Tumour model* 
selected by cither method are normally tewed in the 
TCA against 12-24 different tumours that overcxprws 
or lack a target of interest. These la vitro studies ate 
essential for idemifyrng the most diflfa-enUnily active 
compounds, for selecting the wow sensitive tumours a* 
candidates for subsequent v/w studies in nude ow* 
bearing the respective tumour as xenograft, and for 
excluding resistant tumour models from testing. Tula 
process much reduces the costs of random in vh» WJtj ng us 
well as the use of animate from uu ethical point of view. 

In ths more ompiricu) approach to drug discovery, 
tfeMefincd or combinatorial conipound libraries ur« 
being screened (Pig. 4) p3.64.65l, We thereby focus 
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aaunly oa mutual products isolated (torn plants and 
mksoorgarusms. Our pt-osent collection contains more 
man 8000 pure compounds. In Ehi* serung, me TCA is 
used ub & seeondm-y screening and llie primary screening 
is conducted in ft nigh-thtoughpui seuinfi using 8-12 
permanent human tumour ceil lines, mainly derived 
from our own xenograft collection [33,64}. Compounds 
aie selected on their antitumoux potency and tumopr 
selectivity. The "hit rule' in the pool of 80W> natural 
products was about 1-3% depending on the origin of 
rue pitKiucts. 

Promwing *Ww f arc subsequently tested ui the clonic 
genic assay using numnn tumour xenograft models fri 
v/rra. Usually, 24 tumours ure studied, e.g, two to tfute 
different tumours from eight to 10 histological tumour 
types* una. compounds £\l c tested at six daso levels under 
couu'iHioirs exposure. In uddufaa, tlie efffcee on hacuw 
topoietic stem cells b also evaluated. The most qiflfcr- 
eututUy hcuvc eompounds me selected Mid tested 
against two to four of rtie most sensitive turnon? types m 
yivo U\ nude mice with subcntaueously growing xeno- 
grnfts of *e ioapccuYc tumour type In order to identify 
ibe cumoui histological types that should be selected for 
clinical phase II studies, resting in the cloaogenic assay 
« ^tended to 40-100 tumours, reflecting lour to eight 
different tumour* per tumour typo [71,72.66,67). The 
tumour models arc well Klected and reprcsontadye for a 
particular tumour eutuy with respect to chemoseasluV 
ity, histology Hud the expression of oncogenes or 
tumour markers. With this thacegy we are abb to 
identify luc most sensitive tumour types. 

EjumtylH* for the evaluation of a iargc>direclcd com- 
pound in the douogemc assay arc shown in Fig. 5(a) for 
PKUoc, Inhibiting the epidermal growth factor (BGP) 
i«eeptor-medhvtBd signal transduction. InWb- 
iicd tumour colony formation tn a doso-dependem 
manner, with a mean IC70 of MS ng/ml (i>~ 29 tumour 
models). inhibitory ooncentmuona of 50% (ICjQ, T/C 
50%) a*" 70% (IC7Q, T/C 30%) were cuteulmed and are 
depicted iu a mean graph prweutation (Fig. 5a), to the 
mwun &npn mmlysfc, the distribution oFICw obtained 
for a ust compound In the Individual tumour is given 
ia relation to the mean iC* obtained for all tumours 
lested. The individual iC TO ure expressed as bars ia a 
lo^rithmkally scaled wis. Bars to me left demonstrate 
IC 70 lower than the mean value (indicating more sensi- 
tive tumour models), oars to mo right demonstrate 
higher value* (indicating ratbtr resistant tumour mod- 
c'a) The meun graph unalysi* therefore represents a 
fingerprint of ih» anU'pxoiifriadve profile of is com- 
pound and sensitive candidate tumour models for fur- 
ther m w*> amdyjls «u\ entity t» identified. AutUmnour 
sclecuvlry was pronounced for PK.H66, and responsive 
tumour models for subseu,uent In vivo testing showing 
individual iCn, ai leust >fo!d below «w roean IO» over 
all 79 mmour modoU could rwtfWy be identified 



if% r 5a). PKIloiS was then tested against LXPA 629 the 
Jong adwiocnxcjttowu> jjfown as a xenOgrpft m nude 
mice (Fig. 5b). Th« tumour model has been 5hown to 
express highly (he EOF receptor, &s determined by 
iumiuaoWwochcmiStry (Fig. 5b, Inlay). PKU66 tfveo 
for two cycles of 5 days at SO and 100 rag/kg per day 
orally led to dose-depaiuknt grovm* inhibition with a T/C 
foi relailve median wmonr volumes of 29.4% (50 mg/kg 
per day) and 22.2% (IW nig/kg per day), Tespectlvely. 
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F^S. (aj tn v^tro cGTOKj of Wo enroll gfQwili ftcwr >r«^0r 
foWWwrPiaifc ^ 29 $.wma« mmourmpaelt U> Uw eu^c«Je 
(b) to via iwiltuniouT dJb^ejr oftit* c&dcmul Auam receptor 
(EGFR> InMbUor mttlWUJr I'KJIM ia lung «'»^ in 
UtPA Tberopy j^v^h Oluily on d^J <M <iW? t*-4S; # eonuol 10 
uaVX B p«fO«y:OPJCtieS5Qm^p^auy;y WU166 ICamWK&ptr 
JOlAy: fit?W enflrcofilPM la U» Junj o«ccr LXPa 629 dofai- 
ninui by Unci uaol«5U»liariUlry. 
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Median turnout doubling rime in m* 50 rag/kg per day 
group was 25 days compared to 1 1 days &> r * D ™™ 

5b). Turnout doubling w»s pat reached duiiag 
experimftm intb= 100 wg/lcg per day group. 

The stendurd rtficni vir»rctoiaa CNavejmne^ k 
showa as an example of broad ajmom-panel testing lu 
an croekiau apptoach to to* fcentUkaOon of putative 
pbu«c U-respooaive tumoUT type* in the cloaogenio 
assay (Fi£ 6). The aniitwuour eSta of vmoralbiae 
icsied aaaiiwt 80 tumours. The compound induced 
dost^drpcndeni mWbiiion of cglouy formatton wlili a 
mc<ro 1C TO or 0.48 ug/mV Tbe mean firaph aoa*y«s 




tfr/. °i a/,/ Jour** <«fC*«w «P 0000 

Wcmufled mwamafy cancel (8/8), prorate (4/5). and 
cervical (1/1) and uunme carcinomas as more sen- 
sjjive than the mean IC^ Vfnowlblne ha* been used 
cHideafly In fen*st cancer [68] and cervical cancer 
[69 70J. Tumour types web as NSCLC (14/19), mela- 
noma (6/&), ovary cancer 0/3). or bladder cancer (4/6) 
were rather resistant (Fig- 

Similar broad studies uslag the clouogenlc assay nave 
been performed wWi other etnodard agent* that ftve 
commonly used in the dintc, aft well as Vita, several 
compounds in development. e.g, R-rosoovitio, in lO> 
uunour models [7l)> or with an AMB In 47 tumour 
models [72] (Fig, 7), derivatives of geldamimycin [66,67] 
and recombinant mUUctoe lectin [73]. 



<t. Dtecussum 

4.Z. Sensitivity testing on pattents^fuim pa*imitW3 

AJthou&n ihom la evidence that clinical j espouse rates 
may be superior for to vitro away-directed ohetuo- 
Uverapy rather than chemotherapy solccted by an 
oncologist P7,7<k75}, there has been ao prospective 
randomised controlled Dial comparing survival between 
patients given an in Wrro-xesind drug, patienm ti«ated by 
surgery alone, and patients treated by standard chcrno- 
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Immpn uunour wflCds la ibc ctoaoeMlft *W. 
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therapy. Many different mboralorlea have demonstrated 
the value of the TCA's correct predicirvity- In all pub- 
It shed Riuiliea. its correct prediction for drug resistance 
nwgpd from 90% to 97%. and for turnout sensitivity 
between 60% and 70%. la rwut years, me Srowth 
rates of r>rirnary tumour Usoea la the TCA ba« bt«« 
significantly Unproved In our cxpericuoe uvea up to 70- 
80% depending on tumour cyoe «ud depending on (be 
time ctapscU between tumour removal Erora the cftcula- 
tioa to me tesc, the careful setectioa of viable rumour 
tiiiSMo, 4iio the use of appropriate euUuro media. Toos, 
i to TCA now has the potetidaJ to play a practical pan 
»i chemoaaosttivicy testing in an incividuafised create 
meat protocol. 

In general, a number of problems a lt > inherent in ptc- 
djctive In ci<r^ assays. Among these me Uic choice of 
ci(m«my relevant drug concentrations to be kwpco in 
yliruy tbe ruttwogcuciry of patient tumours {76-79J, 
tfUerfcrence by the experimental conditions with the 
phvsiologioal covtronment for tumour cells tout exists m 
iUc puuent, uad selection piesswe on tumour ceUs by 
the experimental system used. The relation between 
inhibition of tumour growth fa Wro and a palicm'E 
rf-sponse co chemotherapy or survival is therefore com- 
plex, In fact* in our studies, most had already received a 
standard first- aud so^neumea eecoud-liac anticancer 
Utempy, and Uitrefore the probability of identifying 
novel active compounds **« not Jngh. However, in th» 
context the value of the correct prediction of resWanoc 
by the TCA should be stressed. Whilst the prediction of 
te&ponse and thus the selection of a potcnTial novel 
treatment option guided by TCA dam is most desirable, 
rite prevention of toxic side-effects caused by a&enfe that 
ure unlikely to be effective clinically should be considered 
un equally* important bcoe&i fen the cancer patient In 
addition, the picture rmght change wheu oovcj com- 
pounds *vitU targeudirectcd mechanisms are also inclu- 
ded in tlie TCA lesrtog after bavins been validated. 
RclevuMt studies »re now in pi ogress in our Institute. 

4.2. Rolu vfiiiu elOHujtcnfv tunny for <Ut*g discovery ca o 
secondary screen 

The gi»rt»Ctt) application or ibe TCA. must be scon 
within tue concept of u uombmed in vltrofto vivo tcsdng 
procedure. After having selected v*T&><X*S\rt& tumour 
models or after a pvimary prescreening in a hJgh- 
wtt>ughput a»ny. tte TCA has it central tola in the prr> 
fUbig of novel compounds Since, for example, natural 
produca iue often uveDuPle only hi very small quantities, 
tt wcii-buUuKed cvuluaUon based on tUa In vUr» aciivnyof 
Aesniy picpnn=d xenogrufts In the TCA ta mudu possiWe 
before compounds me profiled in rfva in an untwaJ model 
irmt nngbt be oot r«spor»ive to the- claw of compounds 
i*>ied\ This prooe^ f ns ontlincd above, rediwes the cosia 
of mtuiom ut vivo cesUng »nd the use of aiwnals. 



By using * v bicdnformetfca* approach it » also possi- 
ble to determine if a novel compound has a static f Ut 
*Uro pro«e (ICso. ICjn mean graph analysis) to those of 
standard or experimental drugs ihw. have been pre- 
viously tested in the TCA, or if there is a correlation 
between w vUro activity and me expression of >peciflc 
genes in the respective xenograft. By utilising this tesung 
rtrategy, ow labomtory was ublc to Wentify fievcrul 
novel load compounds with ht vUro and In vivo acdvity . 
A numher of them am now in development: or in dtoical 
phiise U Uial or I I66.8u-S*j- 

4 J. Comparison of the iwriour chnagenic a$xty *1ih 
monotoycr assuy* 

The biological behaviour of tumours growing in the 
otouogcmie anny »s compnrtd to j»enc*|Ryer assay* is 
djfferem. end the test results are Infruenoed by this fact 
When primary tumour material from patents is used 
for testing, tha sojio dssuo has to be disaggregated, and 
il* resultlftu suspension contains not only lumonr cells 
but also other host cells, e.g» mesoiheiiol cells or fibro- 
blasts. In the monolayer assay, fibroblasts in geueral can 
overgrow the tumour cells or the suspension (up to 2-3 
passages), and the growth of the tumour cells U some- 
times delayed. pepcnUing on the «xpertmentul setrup or 
monolayer assays, fibroblast conttuuloauon can greatly 
infinenco the final results DMA content, protein 
concent, metabolic activity of eclte). In soft-agar cul- 
tures, in contrast, nbroblasts mtd omer normal host 
cell? cense growth and thus piesesx no problem, 

la our opinion, the TCA. with established human 
tumour xenografts is Important in curreut drug dis- 
covery strategies. W« have therefore included the TCA 
as a secondary assay in our approach to anticancer drug 
discovery and have found a number of novel active 
ugento that are now tn advanced precrlnlcal develop- 
ment or oUnlcal trW*- Thus the TCA has recognized 
predictive vulne in the chemossnsitWUy testing or stan- 
dard and cxpertmental anticancer drugs. 
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